The research was carried out in 2015-2016 at the Research Station Brody belonging to Poznan University of Life Sciences. The experiment was assumed with blocks randomized in four replications. The aim of the study was to determine the size and structure of energy inputs incurred on cover crops cultivation in different soil tillage systems. The cumulative energy consumption methodology was used to analyse the energy expenditure on field pea and white mustard seed. Based on the research, it was found that sowing field pea as a cover crop as compared to white mustard increased the cumulative energy input by 63.2%. Applied sowing technologies, regardless of cover crop species, reduced cumulative energy use by 22.5% (strip tillage) and direct sowing by 40.7% as compared to traditional tillage. The structure of energy input depended on the type of used cover crop species, which was based on the energy value of the seed used. The value of the energy efficiency index for growing both cover crop species increased with the simplification of the tillage. 
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Zc
-weight of the consumed spare parts in a tractor, (kg) Zm -weight of the consumed spare parts in a machine, (kg) ΣEagr -the sum of energy consumption of the used aggregates, (MJ·ha -1 ) ΣEmat -the sum of energy consumption of the used materials, (MJ·ha -1 ) ΣEpal -the sum of energy consumption of the consumed fuel, (MJ·ha -1 ) ΣEr -energy consumption of the human operation, (MJ·ha -1 )
Progress in agriculture has been related with the increase of cultivation intensity for thousand of years. Unfortunately, except for many advantages, intensive cultivation brings numerous problems which grow with time. High costs of mechanical cultivation and time needed to perform it, which was always perceptible for farmers, are more clearly accompanied by problems related to reduction of the humus content, deterioration of the structure, soil erosion and its excessive compaction. The increasing simultaneous simplification of crop rotation additionally impoverishes biodiversity of agrocenosis. It is not unusual that together with technical possibilities, a trend to limit the mechanical tillage, even its absolute abandonment for the benefit of the direct drilling has started (Lal et al., 2007; Morris et al., 2010) . "Preservation" is one of the tasks of simplified tillage technologies that means not only protection against degradation, but also reconstruction and improvement of the quality. However, the limitation of the cultivation intensity is not sufficient to consider it as fully preserving if the continuance of the plant cover, live or dead, forming a bedding on the surface, is not maintained (Reycosky, 2015) . Cover crops which perform many other important organic and production functions may constitute a supplement of soil cover (Hartwig and Ammon, 2002; Małecka et al., 2004; Snapp et. al., 2005) .
Available technologies of simplified cultivation differ among themselves with a depth of cultivation, intensity of mixing plant residues and energy input (Morris et al., 2010) . Strip tillage is one of the newest and the least investigated in soil and climatic conditions of Poland. There has been so far no information on the use of the said technology in cover crop cultivation.
Cover crop cultivation requires energy and financial inputs and is burdened with a considerably high risk of failure. The impact of cover crops is not always explicit. Sometimes they can cause deterioration of soil properties, phytosanitary condition and reduction of the successive plant yield (Jaskulska and Gałęzewski, 2009) .
The solution that becomes more and more popular is the use of energy account for evaluation and comparison of the plant production technology (Czarnocki, 2013) ; this rule may be also used for cultivation of a cover crop.
The objective of the research was to determine the size and structure of energy inputs incurred on the cover crop cultivation and comparison of the value of energy efficiency index of the applied tillage systems and cover crops.
Methodology of work
Tests were carried out in 2015-2016 in the Experimental and Educational Centre Brody of Poznan Life Sciences University. A two-factor static field experiment was set in the system of blocks drawn in four iterations in 2006. The 1 st degree factor was a cover crop type: white mustard (sowing 20 kg·ha -1 ) and field pea (sowing 100 kg·ha -1 ). The 2nd degree factor was a method of field cultivation for cover crop sowing after spring wheat harvesting which was cultivated in the main yield. The applied levels of the factor are as follows: traditional cultivation -disc harrow, strip tillage, direct drilling. Dry mass of cover crop was determined in autumn from the surface area of 0.5 m 2 in two iterations on each field. Roots were washed out in a screen with diameter of meshes of 0.25 mm. After they were separated from organic and mineral impurities they were subjected to drying in the temperature of 105ºC to the solid mass and then milled. The content of macroelements N, P, K and Ca were determined with standard methods. Fertilization value of cover crop was calculated based on the dry mass yield and content of nutrients N, P, K and Ca.
Methodology of accumulated energy consumption was applied for analysis of energy inputs incurred on white mustard and field pea cultivation (Anuszewski et al., 1979; Wójcicki, 2002) .
Because determination of the amount of energy brought in the form of human labour (ΣE r) in field conditions was not possible to determine, this component of accumulated energy was omitted and the formula assumed a form suggested by Piskier (Piskier, 2011) :
In order to determine energy consumption of the tractor operation the following relations were used (Anuszewski et al., 1979; Wójcicki 2002 ):
Analogous formula was applied for calculation of energy consumption of operating machines
Energy consumption of operating aggregates was calculated by summing the energy consumption of a tractor and a machine cooperating therewith.
Efficiency of machines was determined with the use of simplified timing and fuel consumption during particular treatments was determined through a direct measurement. Energy brought in the form of materials was calculated by multiplication of the weight of material consumed during production by the value of energy included therein assuming: for the sown material in the form of field pea 9 MJ·kg (Wójcicki, 2002) . Energy performance index was calculated from the relation provided by Harasim (1997) : 
Results of research and their analysis
The structure of energy inputs in the experiment was considered with regard to the amount of energy brought in the form of agrotechnical treatments (or groups of treatments). The total average energy expenditure incurred for the field pea production was at the average for two years of research 1618 MJ·ha -1 and white mustard 958 MJ·ha -1 (Tab. 1). Both in the field pea and mustard cultivation, simplification of field cultivation resulted in the reduction of energy inputs. A difference between traditional cultivation and direct drilling for pea was 33.9% and for mustard 51.0%. Sowing of cover crops in the strip tillage technology caused reduction of energy inputs in the form of used units by 15% and in case of direct drilling by 30.1%. The amount of energy brought in the form of the consumed fuel decreased also with simplification of field cultivation. Assuming for both cover crops that the consumed fuel was 100% in the traditional technology, in the strip cultivation it was lower by 37.5% and in direct drilling it was 67.2%. Dobek (2005) obtained similar results of research indicating the reduction of the energy input brought in the form of fuel with simplification of field cultivation. Cover crop cultivation in the technology of direct drilling consumed the least energy (table 2). It was caused by lower energy input incurred in the form of applied units (by 15% referred to the strip cultivation and 30.1% with reference to traditional cultivation) as well as a lower amount of energy brought in the form of consumed fuel by 47.7% in comparison to strip cultivation and 67.3% with reference to disc harrow cultivation before cover crop sowing. The energy input in the form of materials was not varied in the investigated technologies and it was in combinations with pea sowing -900 MJ·ha -1 , and mustard -240 MJ·ha -1 . Field pea sowing as a cover crop with reference to white mustard resulted in the increase of the accumulated energy by 63.2%. The energy value of the total yield of biomass (consisting of the mass of the aboveground parts and roots) of white mustard was considerably higher than the field pea obtained from cultivation (Table 3) . Direct drilling proved to be the most efficient cultivation technology. The highest energy value for this manner of cultivation was confirmed with reference to white mustard. Sown in this technology generated the highest energy value of the root yield, above-ground parts and the total biomass yield. Significance of the cooperation of the experimental factors was determined. If white mustard was sown in direct drilling technology (applied permanently) then both the yield of the above-ground parts, roots and general crop of dry mass was significantly the highest. The increase of the yield of plants on stands with a long-term use of non-tillage cutlivation or direct drilling was also proved by Weber (2010) . Dopka et al., (2012) prove variability of the obtained yield of the above-ground parts biomass in relation to the manner of preparing the field for their sowing. The most favourable, with regard to the amount of ground parts biomass, was application of the average tillage or skimming before sowing of the cover crop. The worst average effects were in case of disc harrowing. The authors also indicate a lower yield of biomass of leguminous plant angustifoliate lupine in comparison to white mustard. The higher yield of white mustard in comparison to leguminous mixture (angustifoliate lupine + field pea) was also proved in the research by Gawęda et al., (2014) .
Field pea produced the highest yield of dry mass in the strip tillage technology and significance of differences was confirmed with reference to the traditional technology (Table  4) . On the other hand, mustard had significantly the highest yield in direct drilling technology. Effectiveness of energy inputs depended on the investigated factors. More favourable effects (increase of the value of the energy efficiency index) was obtained along with simplification of soil cultivation. Direct drilling of field pea in comparison to the traditional technology resulted in the increase by 76.5% and white mustard − almost twofold. Cultivation of field pea in the traditional technology proved to be the most energy consuming. Szulc and Dubas (2014) obtained various values of the energy efficiency index in their research concerning simplification in field cultivation for corn sowing. The authors proved reduction of its value after application of direct drilling in corn cultivation. 
NAKŁADY ENERGETYCZNE UPRAWY MIĘDZYPLONÓW ŚCIERNISKOWYCH
Streszczenie. Badania przeprowadzono w latach 2015-2016 w ZDD Brody należącym do Uniwersytetu Przyrodniczego w Poznaniu. Doświadczenie założono metodą bloków losowanych w 4 powtó-rzeniach. Celem badań była ocena wielkości i struktury nakładów energetycznych poniesionych na uprawę międzyplonów w zróżnicowanych systemach uprawy roli. Do analizy nakładów energetycznych ponoszonych na wysiew grochu polnego i gorczycy białej zastosowano metodykę energochłon-ności skumulowanej. Na podstawie przeprowadzonych badań stwierdzono, że wysiew grochu polnego jako międzyplonu ścierniskowego w odniesieniu do gorczycy białej powodował zwiększenie skumulowanego nakładu energii o 63,2%. Zastosowane technologie wysiewu niezależnie od rodzaju międzyplonu powodowały zmniejszenie nakładu energii skumulowanej o 22,5% (uprawa pasowa), a siew bezpośredni o 40,7% w odniesieniu do uprawy tradycyjnej. Struktura nakładów energetycznych była uzależniona od rodzaju zastosowanego międzyplonu, co wynikało z wartości energetycznej użytego materiału siewnego. Wartość wskaźnika efektywności energetycznej dla uprawy obu mię-dzyplonów wzrastała wraz z uproszczeniem uprawy roli.
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